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5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. Provisional Patent Application 
entitled TRANSVERTER (TRANSCEIVER) CONTROL MECHANISM FOR A 
WIRELESS MODEM IN A BROADBAND WIRELESS ACCESS SYSTEM, filed 
10 January 26, 2000, Application Serial No. 60/178,121, the disclosure of which is herein 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

15 The present invention relates generally to the field of data transmission, and 

more particularly to a method and apparatus for control of a transverter or transceiver 
by a modem in a wireless modem termination system. 

2. Description of the Related Art 

The customer side of a Point to Multi-point wireless system includes an RF 
20 Front End Transceiver or Transverter (the terms are used interchangeably herein) and 
a Wireless Modem Unit (WMU), which might be implemented as one vmit or as 
separated units connected by an RF Cable. The transceiver is implemented on the 
Downstream path as a Low Noise Amplifier (LNA) and Down Converter (DC), and 
on the Upstream path as an Up Converter (UC) and Power Amplifier (PA) for the 
25 transmitted signal. The physical layer of the WMU includes a Modulator for the 

transmitted signal, a Demodulator for the received signal and a MAC layer to control 
both of them and also for controlling the Transceiver. 

In the prior art systems, there is a need to control some parameters of the 
transceiver by the WMU. There is also a need to establish a control signal by the 



WMU, which will be decoded simply by the transceiver, and will not interfere with 
RX and TX signals. The following parameters should therefore be controlled: 

1) Power Amplifier On/Off: 

2) Upstream and downstream gain control: 

5 3) Upstream and downstream firequency control 

4) Transverter reference control oscillator control 

5) Antenna Diversity Control 



SUMMARY OF THE INVENTION 

10 hi general, according to the present invention, a WMU delivers a control signal 

to a transceiver. This signal is outside the IF signal data range (preferably below 1 1 
MHz). The signal is carried on the cable between the transceiver and the WMU. This 
signal is detected by the transceiver, and determines the timing and the control 
information. The signal is ASK modulated to enable low data rate transfer of 

15 messages between the WMU and the transceiver. 

Jn one embodiment, a pre-preamble modulator 10 is constructed as part of the 
main modulator or as a parallel circuit to the main modulator 12, processing unit 14, 
and summation circuit 16 or the main modulator and control carriers. The added pre- 
preamble modulator 10 preferably delivers a carrier at a frequency outside the data 

20 band (perhaps at 5.5 MHz for MMDS systems). 

The pre-preamble is used to alert the output stage (transmit switch or power 
amplifier 18) of an impending data burst so that it has sufficient time to configure for 
the data transmission. The pre-preamble signal might be sent to the transverter a few 
microseconds prior to the data burst, triggering a one-shot function which would 

25 timeout after the burst is finished or which could be retriggered by subsequent bursts. 
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The cable from the WMU is connected to a diplexer (DPLX) 22 which 
separates the downstream (above 91 MHz) and upstream (below 65 MHz) signals. 
The upstream signal includes the transmitted data signal, and the control signal. The 
control path includes a simple detector and demodulator 28. The detected signal 
5 controls the ON/OFF state of the transmitter switch 30, and also other transceiver 
parameters. 

In a second embodiment, a modem is programmed to a low frequency (5.5 
MHz or 1 0.7 MHz for example) in order to send control data. When the modem has 
actual data to transmit, the output frequency is programmed to the appropriate channel 
10 and the data bursts are transmitted. The control signal is detected at the trans verter 
using a band pass filter and detector circuit. 

Additionally, specific detection circuits are disclosed to detect the control 

signal. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, wherein like reference 
nxmierals designate like structural elements, and in which: 

Figure 1 is a block diagram of an implementation of the pre-preamble 
20 generation circuitry; 

Figure 2 is a block diagram of a transverter detection and control circuit; 

Figure 3 is a timing diagram illustrating the timing relationships between the 
pre-preamble control signal and the transceiver ON state and data burst; 

Figure 4 is a block diagram of a WMU pre-preamble configuration; 
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Figure 5 is a block diagram of one implementation of a transceiver for 
detection of the control signal; 

Figure 6 is one implementation of the detection and one-shot circuits, with 
automatic reference level determination; and 
5 Figure 7 is an alternative implementation of the transverter detection circuit. 



DETAILED DESCRIPTION OF THE INVENTION 

The following description is provided to enable any person skilled in the art to 
make and use the invention and sets forth the best modes contemplated by the 
10 inventor for carrying out the invention. Various modifications, however, will remain 
readily apparent to those skilled in the art, since the basic principles of the present 
invention have been defined herein specifically to provide a method and apparatus for 
modem control of the transverter in a wireless modem data transmission system. Any 
and all such modifications, equivalents and altematives are intended to fall within the 
15 spirit and scope of the present invention. 

In general, the present invention relates to the DOCSIS 1 .0 (Data Over Cable 
Service Interface Specification) and DOCSIS 1.1 specifications promulgated by Cable 
Labs, the disclosures of which are herein incorporated by reference. Whereas the 
DOCSIS standards only address data over cable, the present invention also applies to 
20 wireless data transmission. 

As noted above, it would be desirable to have a system to control the following 
five parameters: 

1) Power Amplifier On/Off: 

The upstream path is based on a burst transmitter. In order to reduce the 
25 upstream noise produced by multiple WMU's, the upstream path in the transceiver 



should include an On/Off switch (squelch). The switch should be controlled by the 
WMU to be in the ON state for the transmitted burst, and to be in the OFF state 
between bursts. This feature also reduces the power consumption and, therefore, the 
thermal rise due to continuous bias on the output power amplifier stage, thereby 
increasing reliability. 

2) Upstream and downstream gain control: 

Upstream and downstream dynamic range of the received signal in a wireless 
system can be more than 60 or 70 dB. Current systems typically use a fixed gain 
transceiver and the whole dynamic range is controlled within the WMU, or by 
inserting fixed attenuators between the transceiver and the WMU. This 
implementation limits the dynamic range and it is not flexible (i.e. requires a 
technician for field changes). Inserting gain control or switch attenuators in the 
transceiver TX and RX path improves the dynamic range. Control of this gain by the 
WMU improves the dynamic range and flexibility of the system. 

3) Upstream and downstream frequency control 

The transverter is typically a block converter which folds several channels or 
sub-channels into the demodulation range of the modem for the downstream and 
which converts all or some portion of the modem's upstream output to the RF band. 
In some systems, the demodulation tuning range of the modem is narrower than the 
RF bands which might be served. In this case, a synthesizer may be incorporated in 
the transverter to divide the RF band into several narrower sub-bands which can be 
demodulated by the modem. In many cases, the upstream bandwidth of the modem is 
less than the available RF transmit band. Conventionally, multiple, fixed-conversion 
transverters are deployed in an attempt to optimally utilize the available RF channels. 



However, it would minimize the logistical aspects if a single (or a very few) versions 
of the transverter coidd be used to address a wide range of bands. 

Adding an inexpensive control system from the modem to the transverter 
could be vised to address the tuning and control issue. 
5 4) Transverter reference control oscillator control 

The transverters are typically installed in outdoor locations where the 
temperature may vary widely. The crystal-controlled oscillators are generally priced 
according to their temperature drift performance. There are several conventionally 
used solutions to this drift problem. A more stable (and more expensive) oscillator 
! ^ 10 circuit may be used or an extemal reference tone may be provided to the transverter. 
J Alternatively, since the modem can infer from measurements made in the 

!; 3 demodulation circuitry, the approximate amount and direction of correction required 

for the transverter's oscillator, it is feasible for the modem to control the frequency of 
5^ J the transverter's reference oscillator through a long loop control. 

i;n 15 5) Antenna Diversity Control 

Installation teams and subscribers would like to minimize the time for 
installation of a CPE antenna, improve the aesthetics (appearance), and eliminate the 
requirement for follow up subscriber premise trips when antennas need to be 
reoriented. Havuig the ability to remotely steer the antenna beam would allow 
20 compensation for multipath minimization as well as traffic load balancing in a 
multiple cell deployment. 

All of these tasks may be done with one-way communication from the modem 
to the transverter (or integrated transverter antenna). With the exception of the first 
concept, the data rate of the control link could be extremely slow. The invention 
25 detailed herein is outlined in two approaches: The first addresses all five control 
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reqmrements with a "Pre-preamble configuration" and the second address all except 

the first one with an "out of passband tone" configuration. 

In any of present embodiments, appropriate integrity checking should be 

performed to assure a command is correctly interpreted. This might be as simple as a 
5 short header to set the reference level to an appropriate value, the command sequence, 

and a check sum. If the check sum is incorrect, the command should be ignored. 

When the system sees that the command has not accomplished the desired effect, it 

may send it again. There might be some limit as to how often repeated commands are 

sent to reduce overhead for units which do not respond as anticipated or which have 
% 10 reached their limits. An alarm or log of seemingly ignored commands might be used 

by operation personnel or engineering. 
C3 According to the present invention, the WMU delivers a control signal to the 

^ transceiver. This signal is outside the IF signal data range (preferably below 1 1 

MHz). The signal is carried on the cable between the transceiver and the WMU. This 
Vn 15 signal is detected by the transceiver, and determines the timing and the control 
M information. The signal is ASK modulated (or with another simply detected 

modulation) to enable low data rate transfer of messages between the WMU and the 

transceiver. 

Implementation I - squelch and control commands 

20 As shown in Figure 1 , a pre-preamble modulator 10 is constructed as part of 

the main modulator or as a parallel circuit to the main modulator 12, processing unit 
14, and summation circuit 1 6 or the main modulator and control carriers. The added 
pre-preamble modulator 10 preferably delivers a carrier at a frequency outside the data 
band (perhaps at 5.5 MHz for MMDS systems). The carrier is modulated ON/OFF 

25 (according to the well known ASK or Amplitude Shift Key method) to implement the 



pre-preamble timing and to carry the modulated data. The TX real data carrier is 
preferably above 14 MHz, such that it is easy to separate the signals at the transceiver. 
The separation in time between the control signal and the transmitted signal, enables 
implementation of the pre-preamble modulator 10 either by a separate block, or 

5 intemally in the main modulator 12. 

The pre-preamble is used to alert the output stage (transmit switch or power 
amplifier 1 8) of an impending data burst so that it has sufficient time to configure for 
the data transmission. The pre-preamble signal might be sent to the transverter a few 
microseconds prior to the data burst, triggering a one-shot fimction which would 

10 timeout after the burst is finished or which could be retriggered by subsequent bursts 
(see Figure 3). 

As shown in Figure 2, the cable from the WMU is connected to a diplexer 
(DPLX) 22 which separates the downstream (above 91 MHz) and upstream (below 65 
MHz) signals. The upstream signal includes the transmitted data signal, and the 

15 control signal. The transmit signal path preferably uses a low cost commercial notch 
filter 24 at 5.5 MHz before the up converter 26 (or a relatively narrow band pass filter 
at the IF). The filter 26 reduces the out-of-band control signal such that it will not 
interfere as a spurious signal to the main transmitted signal. The control signal is also 
used by the TX Switch 30 or power amplifier, by using the pre-preamble signal before 

20 the "ON" state of the switch. 

The control path includes a simple detector and demodulator 28. A band-pass 
filter 32 filters the signal before the detector and demodulator block 28. The 
demodulator 28 might be implemented as a low cost processor that will receive the 
''state," and will control the required parameters. The detected signal controls the 

25 ON/OFF state of the transmitter switch 30, and also other transceiver parameters. 



The control signal includes two types of information - fast and slow 
information messages. Control messages that are not changing rapidly are carried on 
a slow data modulated carrier. The modulation is a simple ASK modulation (On/Off 
Modulation), but other simple detection modulations techniques also can be used. 
5 Rapidly changing information includes the squelch processing controlling the On/Off 
switch timing, hi order not to be sensitive for detecting and switching timing, a pre- 
preamble signal is used to "close" the switch. 

Figure 3 is a timing diagram illustrating timing relationships between the pre- 
preamble control signal and the transceiver ON state and data burst. The main TX 

10 data burst timing is controlled by the WMU, synchronizing with the Wireless Hub 

(base station) timing. The pre-preamble signal is transmitted before the main TX data 
burst. The pre-preamble length is Tl. The transceiver ON/OFF switch is moving to 
the "ON" state at T2, and it stays at this state for T3. T3 is longer then the maximum 
burst length. The main TX data burst is activated at T4, only after T4 is moved to the 

15 "ON" state. 

Implementation n - control commands 

When squelch control is not required or is implemented in another way (such 
as outlined above), there may still exist the requirement for a low cost method of 
controlling various functions of the transverter which are not time sensitive. These 

20 may be controlled by using the modem's frequency synthesizer functionality. By 

programming the modem to a low frequency (5.5 MHz or 10.7 MHz for example) and 
then sending bursts out with long or short periods, control bits may be commxmicated. 
When the modem has actual data to transmit, the output frequency is programmed to 
the appropriate channel and the data bursts are transmitted. 

-9- 



Figure 4 is a block diagram of a WMU pre-preamble configuration, which 
generates a control signal, using the modem's incorporated modulator 42, that is 
transmitted prior to the beginning of the normal preamble as part of the burst protocol 
for implementing the modem portion of the invention. A processor 40 controls the 
5 modulator 42. A diplexer 48 operates as described above with reference to Figure 1 . 
The major advantage of this approach is that there is no hardware change in the 
modem - just firmware. 

This approach requires no changes in the modem hardware - just a set of 
commands from the WMTS which tells it what frequency to transmit on and two 
■ J 10 dummy packets (a short one and a long one) or one dummy packet which is assigned 
^ J time slots at close or wide intervals. 

f;3 Figure 5 is a block diagram of one implementation of a transceiver detection 

circuit for the control signal configuration. The modem's IF signal is sampled at 
coupler or tap 50, amplified by an amplifier 52 and detected by a detector 54, The 

j S 1 5 detected signal is then sent to a comparator 56 which trips a one-shot 58 whenever the 
detected signal exceeds a reference limit 60. The one-shot 58 enables the power 
amplifier output circuit 62 between the pre-preamble and the preamble. The one-shot 
58 shuts off the output sometime after the longest packet burst length. 

Figure 6 is an example of how to inexpensively implement the detector 54 and 
20 the one-shot circuit 58, with the added advantage of an automatic reference level 

determination circuit. The modem's ou^ut level might be programmed to be at the 
maximum level during the pre-preamble and then reduced to the correct level based 
on the long-loop commands to facilitate detection of the pre-preamble in the 
transverter and the signal burst in the WMTS demodulator at the wireless hub. 
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As shovm by the schematic in Figure 6, a sample of the signal j&om the 
modem is fed firom the coupler 50 to the detector diode 54 and two filters 64, 66. One 
filter 64 has a fast response time and the second filter 66 has a slower response time. 
The slow filter 66 determines a rough average value of the coupled/detected signal. 
5 The fast response filter 64 smoothes the detector output. A first comparator 68 
determines when the detector output is above the average level and this then is 
interpreted as a "True" or "One" state. Conversely, when the average value is higher 
than the current value, then the comparator 68 output is "False" or "Low". The output 
of the comparator 68 is sent to a one-shot circuit 70 comprising a diode 72, a low pass 
^ 5 10 filter 74, a second compamtor 76, and a reference voltage 78 for the second 
^-.j comparator. The second comparator 76 should be designed to have hysteresis to 

O prevent chatter. The overall functionality of this circuit is to allow the upconverter 

^ input to be used in it's normal range of operation to inexpensively enable the output of 

the transmitter section of the transverter. 
15 Figure 7 is an alternate implementation of the transverter detection circuit with 

M the added advantage being useful for reception of communication commands firom the 

modem which are out of the passband of the IF to RF conversions in the modem. The 
bandpass filter 80 is outside the band of data communications for the transverter's IF 
and inside the band for the modem's output range. This allows the modem to send 
20 commands to the transverter which are not passed through the RF power amplifier to 
the antenna because the are blocked by the upconverter's filtering. However, those 
commands are passed through the band pass filter 80 shown in the figure and detected 
and sent to a comparator or microcontroller. This allows the modem to tune to an out 
of band frequency, say 10.7 MHz, and send commands to the microcontroller which 
25 may then be used to control various parameters in the transverter. 



The invention further provides and enables: 

• A unique squelch procedure for controlling the ON/OFF switch of the 
transceiver by the WMU. 

• A low rate data message transfer between the WMU and the transceiver, 
enabling control of several parameters in the transceiver. 

• A control signal using a separate and lower frequency then the TX signal. The 
carrier is below 1 1 MHz (typically 5.5 MHz), enabling low cost filter separation 
from the TX signal at the transceiver, and eliminating interference on the TX 
signal. 

• A basic low cost hardware implementation for the WMU and transceiver. 
The present invention therefore provides a novel transverter control 

mechanism in a wireless modem for broadband access. Although the present 
invention has been shown and described with respect to preferred embodiments, 
various changes and modifications lie within the spirit and scope of the claimed 
invention. Thus, the corresponding structures, materials, acts, and equivalents of all 
means or step plus function elements in the claims in this patent application or any 
applications claiming priority there from are intended to include any structure, 
material, or acts for performing the functions in combination with other elements as 
specifically claimed. 
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